This paper serves to specify and ground research into interfunctional integration in a wider theoretical context with particular reference to the interaction between technology and marketing in the biotechnology sphere. The general and specifi c problem areas are specifi ed as those of interfunctional relations and the dyadic relationship between marketing and biotechnical managerial functions in particular. The contextual / organisational generative mechanisms that are likely to keep interfunctional relations at the centre of scholarly attention for some time are explored from the perspective of cybernetic theory. The law of requisite variety states that in an effective open system environmental variety is matched by internal structural variety. As organisations are faced with ever more turbulent,
INTRODUCTION
Organisations can be conceptualised as systems that reify abstract ideas into tangible products or services. This takes place within a given environment that, according to contingency theory, organisations have to ' fi t ' in order to endure.
1,2 Turbulent environments have placed enormous adaptive pressures upon organisations. To survive, organisations have evolved increased internal differentiation, typically clustered along functional lines. This, coupled with the need for greater fl exibility, places increasing pressure to integrate and has led to a slowly rising interest in interfunctional relations -in both theory and practice. This is especially true in many areas of high-technology enterprise, and biotechnology is a case in point. In the case of a simple consumer goods fi rm for example, the roles of functions such as marketing on the one hand and technology and operations on the other will be especially clear. Marketing will determine customer needs, and then instruct technology and operations to conceptualise and produce these offerings. In many biotechnology companies on the other hand, the roles will be far less clear. Most of the investment would have been devoted to research and development (R & D) and the acquisition of technical and scientifi c skills. The role of marketing will be unclear, and even delayed until the fi rm really has something to offer.
Research into interfunctional integration in the wider management context needs to be specifi ed and positioned, for it is problem driven and a problem is always a function of its time and place. This is the focus of our paper. The general and specifi c problem areas are specifi ed as those of interfunctional relations and the dyadic relationship between marketing and biotechnical managerial functions. The contextual / organisational generative mechanisms that are likely to keep interfunctional relations at the centre of scholarly attention for some time are explored from the perspective of cybernetic theory. Having established the problem and its genesis, the specifi c research agenda is outlined as the exploration of the interfunctional differences from a decisionmaking perspective. What follows is a more detailed exposition of how and why the problem has arisen and why it is likely to hold managers ' and academics ' attention for some time to come.
WHY STUDY INTERFUNCTIONAL RELATIONS?
To state a problem is not to understand it; understanding comes not from discovering a problem ' s present appearance but remembering its genesis. Typically the fi rst step in research is the statement of the problem. Any attempt to investigate or provide answers, however, should be prefaced by the deeper question as to the problem ' s genesis. Without this vital second stage one is left with little or no idea of the likely magnitude or temporal durability of the problem. Thus, rather than assuming that the increased interest in interfunctional relations, our relationship with the biosphere ' .
14 On a conceptual level fi xed ideas and fi xed theories are proving ephemeral; the problem of refl exivity gnaws at the heart of reason -we stand on the edge of madness or freedom: we stand as it were are staring ourselves in the face -but have until now been innocent of our own features (ie we have not been aware of the precarious nature of our own epistemology). We seem to be slipping to an epistemological quagmire; or is it that our epistemology, born in another time and place, is blinding us to new vistas?
The new economic environment, variously denominated the ' postindustrial ' economy, the ' service ' economy, the ' information ' economy, the ' global ' economy and indeed the ' postmodern ' economy is one characterised by ambiguity, paradox and chaos (eg Bell, 15 De Greene
16
). Huber 17 grouped the various characteristics of the emerging environments of the late 20th century under three broad rubrics: diversity, turbulence and knowledge. Environmental diversity corresponds to the degree of similarity or difference between elements of an environment. 18 Turbulence is defi ned as the loss of the stable state, or a state where the ground itself is in motion; turbulence comprises and is the result of increasing technological change, interconnectedness and interdependence. 19 Finally, knowledge (information about information) is replacing capital and energy as the primary wealthcreating asset, 15, 20 and this is particularly true in the fi eld of biotechnology ventures. There is general consensus that diversity, turbulence and knowledge will all increase at exponential than at linear rates, producing widespread qualitative change.
RESPONSES TO THE CHANGING ENVIRONMENT FROM THE PERSPECTIVE OF CYBERNETICS
The principle of requisite variety 21, 22 argues that for a system to deal effectively with what follows is a structured attempt to explain why this is so and why it is likely to become a growing rather than a declining area of concern. What ensues is an exposition of the present business environment, then, rather than leap from context to problem, glossed over in most discussions of interfunctional relations (eg Konijnendijk, 3 Crittenden et al. , 4 Saghafi et al.
5
), a conceptual framework is provided to explain why different types of organisation are emerging and the differing problems these pose to interfunctional relations and the study thereof.
THE CHANGING ENVIRONMENT
In the changing environment of the last three decades, marketing has faced a serious challenge to its strategic and organisational roles (eg Achrol, 6 Bennett and Cooper, 7 Day, 8 Hayes and Abernathy, 9 Webster
10
) and indeed to its conceptual and epistemological status. The debate in the 1990s over ' what is marketing? ' (eg Hunt, 11 Albaum 12 ) attests to a gnawing uncertainty and the ongoing bricolage of reworking tropes and aphorisms in an effort to securely locate the discipline in a coherent philosophy.
For heuristic purposes it is useful to speak of changes occurring at the physical, biological, social and mental levels. On a physical level the world conceived (and perceived!) as given, solid and ' out there ' has been questioned by physicists: the closer one inspects the material world, the more elusive the matter becomes. 13 Our whole relationship with the bio-sphere is being questioned and re-evaluated by the potentially growing ecological crisis. On a social level , the rapidly changing and evolving nature of society has thrown into question the entire notion of a fi xed order, fi xed structures and fi xed relationships. Indeed, there ' is a nascent consensus that irreversible changes are occurring at an accelerating pace in the socioeconomic and political structures we have inherited for the post-war era, as well as in variety encountered in its external environment, it must possess a corresponding degree of internal variety. That is, in order for an organisation to cope with the problems, demands and opportunities presented in a given market and wider context, variety equal to that found in the context must be included within the system: simply, for ongoing survival internal variety must mirror external variety.
As outlined above, turbulent environments (and biotechnology fi rms are at play in these) are characterised by increasing rates of nonlinear change, an information explosion and increasing diversity. Simply in cybernetic terms they exhibit high degrees of variety. This in turn demands organisations with a high degree of internal variety. Now, internal diversity takes two forms, which correspond closely to two root organisational metaphors: 23, 24 the machine and the hologram. Requisite variety in machine design corresponds to increasing differentiation and specialisation of parts and functions (the part becomes more and more unique, and less and less like the whole). This is the classic response outlined in contingency theory by Lawrence and Lorsch 2 and corresponds to Emery and Trist ' s 19 redundancy of part (wherein elements of a system proliferate). For holographic design requisite variety corresponds to increasing the fl exibility, richness and potentiality of each of the parts. Simply, the part is enriched in that it develops the abilities of the whole: the whole is more accurately refl ected in the part. This equates closely to Emery and Trist ' s 19 redundancy of function (wherein elements of a system become multifunctional).
Thus, the principle of requisite variety suggests that faced with turbulence organisations will on the one hand become increasingly differentiated (both inter-and intra-organisationally) and specialised. On the other hand, organisations will increasingly build richness or potentiality into each of their constituent elements. It is perhaps appropriate to point out that these two approaches are not necessarily mutually exclusive, and can be thought of as complementary. The analogy of depth and scope is appropriate, with the mechanistic approach encouraging depth (differentiation and specialisation), and the holographic approach encouraging scope (richness and fl exibility).
Mechanistic intra-organisational design will see a proliferation of functional departments and subdepartments, research and project teams, each becoming increasingly specialised and expert in terms of knowledge and skills in a particular area. This will also manifest as an inter-organisational phenomenon where functions become increasingly specialised but independent, held together in network organisations. Holographic inter-organisational design will encourage multi-skilling, interchange ability, interdepartmental teams and other mechanisms to enhance fl exibility by introducing to a greater extent the abilities of the whole into each of its parts. The argument is summarised in Figure 1 .
Finally, it should be pointed out that organisations comprise, in part, their environment: they are thus the object and the subject of evolution. Strictly speaking it is only half of the story to say that organisations respond to their environments: they also create and determine them. 19, 25, 26 This principle of codetermination, developed from the work of Bateson, 27 suggests that in the case of turbulence at least, the relationship between organisation and environment is of the nature of a positive feedback or deviation amplifi cation loop (illustrated in Figure 1 with a + ). Simply put, responses to turbulence create more of the same. Turbulence is likely to be here to stay: the only constant is change.
EMERGING ORGANISATIONAL FORMS AND THE CHANGING ROLE OF THE MARKETING FUNCTION
What cybernetics predicts from theory has been seen to occur in practice. Indeed, there division of labour and task manifests as division and specialisation of business functions into separate autonomous organisations. These in turn recombine in network organisations, 30 held together and coordinated by market-driven focal organisations. Building on the work of Cummings 31 and Achrol et al ., 18 Achrol 6 extends the notion of transorganisational systems of exchange to the theory of the transorganisational fi rm, where the marketing exchange company becomes the organising hub for market information and complex exchanges. On a system level, however, the network organisation 30 or transorganisational fi rm 6 has holographic-type response characteristics. Here, fl exibility is a property of the network rather than of the individual disaggregated elements, which themselves become ever more specialised (the mechanistic response). Partnerships, strategic alliances and joint ventures can all be seen as steps towards network organisations. 10 Even these fi rms that came together with the initial objective of has been increasing attention given to emerging forms of organisation and changes in the marketing function. For example, Achrol 6 reviews the various forms of marketing organisation emerging in response to the turbulent environment. Webster 10 charts the changing role of marketing within the corporation. Glazer and Weiss 28 investigate the relationship between different modes of marketing planning and time sensitivity of information in a simulated turbulent environment. Capon and Glazer 29 present the case for closer coalignment between marketing and technology as a route to success in turbulent environments. For convenience these organisational changes will be briefl y reviewed in terms of macroorganisational level responses and microintra-organisational level responses.
MACRO-ORGANISATIONAL LEVEL RESPONSES
One extreme mechanistic response to turbulence is vertical disaggregation . 30 Here, the retaining broad general organisational capabilities, quickly fi nd themselves becoming focused and specialised in their core activities. 10 The matrix organisation was one attempt to combine specialisation and fl exibility, specifi cally through functional ambidexterity, and can be seen as a holographic-type response. Despite being a conceptually elegant solution, some, however, felt that it was cumbersome in practice and failed on the critical criteria of strategic fl exibility. In contrast, others (eg Peters 32 Bartlett and Ghoshal 33 ) have evolved the concept, and it seems that proclamations of the matrix organisation ' s demise were premature. The matrix organisation still thrives, often in modifi ed and hybrid forms, and often under different names. For example, Hurst 34 uses the term the ' woven ' matrix organisation, and Ford and Randolph 35 the terms the ' mixed ' or ' overlay ' organisation.
One key aspect of the holographic approach to variety is the capacity to selforganise. 23 Thus, organisations, rather than be designed, emerge spontaneously in response to a given situation. Ad hoc organisations 36 and synthetic organisations 37 are examples of spontaneous organisation. These emerge in response to crises or as the result of serendipity and are typically highly ephemeral in nature or quickly evolve and adapt through the more formal mechanistic response.
MICRO-INTRA-ORGANISATIONAL RESPONSES
Organisations continue to differentiate internally, in a mechanistic mode, in response to turbulence. This is especially the case in knowledge-rich environments, such as advanced biotechnology markets, where a proliferation of information, complex knowledge and theoretical structures, and concomitant high skill levels result in increasing specialisation of function. In other areas however, holographic modes of response are being realised. For example, there is an increasing move towards multi-skilling, the use of interfunctional groups and temporary project teams (eg Harrigan 38 ) and various types of autonomous or semi-autonomous workgroups. 39 Further, there is a slow but perceptible democratisation of the workplace wherein decision making is distributed across all organisational members rather than focused in the hands of a few specialists. 23 The Japanese ' Ringi ' system of collective decision making is one specifi c example. 40 Indeed, there is a slow progression towards coordination without hierarchy 41 and heterarchical forms of organisation, which is entirely consistent with a holographic response to complexity. The general concern for decentralisation of authority, job rotation and multi-skilling is refl ected in the marketing literature (eg Crittenden et al. , 4 Ruekert et al. , 42 Carroad and Carroad
43
). With specifi c reference to marketing, interesting patterns are emerging. First, marketing is becoming a line function rather than a support function. Concomitant with this, Webster 10 argues that marketing is becoming an organisation wide culture, strategy and tactic. Whether marketing as a distinct management function remains in the long term is less clear -indeed, whether it is necessary in the biotechnology company, a least in its narrowly defi ned commercial and communication sense, is debatable. Certainly, the marketing function of keeping the organisation (network or otherwise) informed about the customer will endure 10 but whether it will remain distinct is highly uncertain (eg McKenna   44 ). For example, it is apparent that the distinction between marketing and strategy is becoming more and more tenuous. 45 The typology of responses is summarised in Table 1 .
THE RESULTING FOCUS ON INTERFUNCTIONAL RELATIONS
As has been suggested, there are two responses to turbulence that correspond to ways of interacting with a particular phenomenon. A discourse is embedded in social practice and thus cannot be reduced to either theory or practice: it encompasses both. A discourse is more than a way of seeing -it informs social action and thus is enacted. Action reproduces the conditions necessary for a way of seeing. The term discourse is similar to that of praxis (the Greek term for ' action ' or ' practice ' ) as used in the early philosophy of Marx. 46 Praxis is defi ned as the unity of theory and practice.
Thus the difference between marketing and other functions cannot be reduced either to theory or action. The disciplines are not simply a way of seeing or a way of action, rather they are intact worlds of being that do not entirely overlap. From this perspective the differences between functions are not trivial and will not be easily overcome. This highlights the need to fi nd out how and why functions differ, and not on a trivial content level or a broad defi nition level (each of which produce little more than tautologies). What needs to be more clearly understood are the decision-making processes whereby different managers construct, interpret and enact their functional worlds.
Indeed, there is some research to suggest that the holographic approach of multi-skilling and interfunctional roles is not as simple to implement as protagonists suggest. Organisational role stressors, such as role ambiguity and role confl ict, 47 are greatly exacerbated in a holographic approach in providing requisite variety. Both have been found to be detrimental to organisational effectiveness. 48 Indeed, functional ambidexterity appears very diffi cult to cultivate. 6 Design approaches such as matrix organisations, which attempt to formalise functional ambidexterity have, as previously cited, proved diffi cult to realise in practice. 49 
THE RESEARCH QUESTION
Having demonstrated the continued importance of understanding the problem of mechanistic design and holographic design principles. The former with its emphasis on depth (specialisation and differentiation) raises the problem of integrating disparate elements. The latter, with its focus on scope, raises the problem of reconciling quite different mindsets or views of the world within groups or indeed within the individual. Thus, from both perspectives the need to understand differences in functions (whether these be social bodies (functions, groups, teams or individuals) or cognitive bodies (models, cognitive schema, theories and paradigms) becomes paramount.
It can be argued that if the same individual performs two or more functions, the need to understand the differences between the functions is unimportant. A cursory glance at education, however, raises the question of why it is that people quickly specialise or develop preferences for, and excel in either art or science when they are exposed to both. Only exceptional individuals manage to do both as each demands different brain functions, different frames of mind and indeed different types of intelligence. Moreover, marketing and technical / scientifi c functions cannot simply be reduced to a body of knowledge -they are not simply a corpus of facts that can be learnt in the same way a program is loaded into a computer. Rather, each is better conceptualised as entire gestalts of thought and action. This perspective has long been mooted in the social sciences under the nomenclature of discourse. A discourse is a set of ideas and practices that informs our interfunctional relations, the question that should guide research is delineated. As discussed above, the nature and role of the marketing function is changing. On the one hand, it is becoming an organisational wide ' world view ' and culture, and on the other it seems set to remain a distinct functionindeed the hub of future network organisations. 6, 10 Thus the broad question is: In what ways does the marketing function differ from other organisational functions with respect to key processes in biotechnology fi rms? The specifi c process that might be focused on is that of managerial decision making in a biotechnology environment. The above question can therefore be restated as: Does the marketing function differ from other organisational functions with respect to key decision-making processes in a biotechnology fi rm environment?
A RESEARCH FOCUS: INTERFUNCTIONAL RELATIONS
There exists a limited but growing body of theoretical and empirical research on interfunctional relations (eg Dutton and Walton, 50 Van de Ven and Ferry, 51 McCann and Galbraith, 52 Souder 53 ) and specifi cally on the dyadic relationship between marketing and other functions. 54 -58 As the number of publications in this area attests, the subject is still in its nascent stage. Authors, however, would seem generally to agree upon two things. First, that there exist implicit differences and tensions between marketing and biotechnical issues regarding manufacturing operations, R & D, information systems and accounting (eg Song and Parry, 59 Kamath et al. , 60 Stevenson et al. ,
61
). Secondly, that increased co-ordination between functions will enhance organisational effectiveness; indeed, there is some empirical evidence to support this conjecture. 62 Although other dyads have received attention (eg marketing and human resources 63 ) it is broadly what might be termed the marketing -technical dyad that seems to pose the greatest problems (in terms of organisational effectiveness) and has consequently received the most attention. ' Technical ' as defi ned here, encompasses such functions as R & D, production, operations, manufacturing, information systems. For example, Gupta and Rogers 54 point out that one of the most signifi cant causes of new product failure is the lack of integration of R & D and marketing early in the innovation process, a fi nding supported by other researchers (eg Souder, 53 Ruekert and Walker, 55 Ruekert and Walker, 56 Hauser and Clausing, 64 Gupta et al.
65
). They argue that integration of these two functions is critical for a successful new product development and offer insights into how integration might be facilitated. Using a case study approach Moenaert and Souder 66 investigated the use of extrafunctional information by R & D and marketing personnel. They found that in contrast to R & D, marketers relied more on intuition and less on hard information. Factual reports from R & D were poorly received by marketing. Saghafi et al. 5 investigate the R & D / marketing interface in the telecommunications industry, focusing on fi ve large companies. Their conclusion is that the interface poses signifi cant problems and that integration between the two functions is far below the desired level. Lack of effective communication and involvement were cited as the greatest barriers to successful integration. Capon and Glazer 29 in a theoretical paper present the case for integrating technology and marketing strategy. They argue that technological functions and marketing functions are two key elements that affect corporate success in rapidly changing environments and that technologically oriented marketing decisions at both a strategic and an operational level are essential for success in such contexts. St John and Hall 62 in a survey of 15 companies found that the simultaneous use of a range of coordinating mechanisms (between marketing hierarchical. Forced integration of functions through whatever mechanism emphasises, however, reduces the need for enhancing understanding of how different functional groups differ with respect to key processes. One such process is that of decision making.
To date, inter-functional differences in decision making have received relatively little attention. Hambrick and Mason 70 suggest that functional background has a signifi cant infl uence on the decisions of members of top management teams. Moreover, within an organisation it has been demonstrated that ' output ' functions such as marketing and sales have a greater infl uence on product and market development decisions than ' throughput ' technical functions such as fi nance and production. 71 Hutt et al. 72 link strategic decision making with interfunctional relations. They point out that in the research on marketing decision making little or no attention has been paid to the interdependencies between marketing and other functions. By tracking strategy formulation across organisations they show the relative autonomy of the process and by implication how it cannot be understood by looking at individuals or departments in isolation. The importance of understanding how different departments interact is echoed by Jaworski and Kohli 73 who demonstrate that the manner in which various departments interact is very important in determining the level of the market orientation of a business. 74 Simply, interdepartmental confl ict appears to reduce market orientation, and conversely connectedness appears to act as a catalyst.
CONCLUSIONS AND RESEARCH DIRECTIONS
The purpose of this review has been to revisit the issue of marketing organisation in the light of environmental instability and increasingly complex corporate responses, focusing particularly on interfunctional relationships between marketing and technical departments and functions in a biotechnology and manufacturing) leads to a signifi cant decrease in interdepartmental disagreement.
More recently, Crittenden et al. 4 provide a topology of decisions where strong potential exists for friction between marketing and manufacturing. In such areas as managing diversity, conformity and dependability, marketing and manufacturing appear to have highly disparate objectives. Konijnendijk 3 in a study of the production -sales interface among 54 industrial companies found the main areas of confl ict to be information fl ow, orientation (language, concern and outlook), and meeting lead times. Finally, Mahajan et al. 67 investigate the interdependence between marketing and operations functions in service fi rms, fi nding that heterogeneity in the service offering was positively related to the interdependence of marketing and operations. Despite these advances, little empirical research attention has been given to the nature of the marketingtechnology interface in biotechnology fi rms.
The whole marketing -technical enigma is cogently summarised by Konijnendijk (3: 167): 3 Although many companies recognize the problems, few actually try to improve the situation. The complexity of the problem drives people to accept the situation as unchangeable or even cherish it as a symptom of ' healthy competition ' within the company. This is a serious underestimation of the problem.
As discussed above, project teams, job rotation and the multiple skilling of line management are attempts to bridge inter-functional divides. Specifi cally, a number of authors have stressed the need to integrate marketing and technical functions, through some of the above mechanisms (eg Lawler 68 Stam et al.
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). Indeed, Webster 10 provides signifi cant insight into the new organisational forms that are appearing in response to the changing environment. He has speculated on the blurring of functional lines and divisions, as marketing departments are subsumed in organisational structures that are not environment. The need for this focus was underlined by arguing that interfunctional relations may become a critical organisational problem as organisations seek to cope with growing environmental turbulence, diversity and knowledge expansion through task specialisation. This is especially true in the biotechnology business environment, where politicians demand solutions to problems that only biotechnology can solve; yet continually enact legislation that restricts what biotechnology fi rms can do to solve them. Simultaneously, the economic environment impacts on biotechnology fi rms at the start-up of established levels, and affects how they raise funding and use it, how they recruit and deploy talent, and how much they can expect to sell of a new product once it reaches the marketplace. Society also has its say, very often from a base of benign ignorance: simultaneously demanding miracle breakthroughs from the biotechnology industry while cowering in fear and in misguided perceptions of the consequences of some of its developments. Technology itself moves ahead at an astonishing pace, and biotechnology fi rms struggle to keep up with advances not only in their own fi elds but also in seemingly unrelated ones.
The thesis is that the fi eld of cybernetics, and specifi cally its focus on the matching of internal and external variety, offers a useful and insightful conceptual framework for the analysis and study of this issue. The cybernetic framework provides the means to distinguish between mechanistic and holographic responses to environmental turbulence (suggesting the distinction between differentiation and specialisation for depth, and richness and fl exibility for scope). To this is added the distinction between macro-and micro-level organisational responses. This framework is potentially insightful in classifying organisational responses to managing key marketing processes, and particularly in highlighting confl icts between processes in marketing and the technical functions within biotechnology fi rms.
The main research question identifi ed is concerned with the degree and ways in which the marketing functions differ from others in key decision-making processes within the biotechnology enterprise. The initial proposal is that research should explore interfunctional differences concerned with differences between marketing and technical managers ' perceptions of problems, on the grounds that the process of problem perception determines to a substantial degree the subsequent course of problem-solving action undertaken (eg Mintzberg et al. 75 ). This should necessarily consider both organisational factors (ie job function), as well as individual psychological differences.
More detailed questions to study in this area include: differences between managers in their perception (or enactment) of the environment, and related informational behaviour); questions of problem isolation and defi nition by different functional specialists both in content but also in less tangible issues like time-frame; the development of frameworks for choice by different functional specialists, and the potential paradigm confl ict between different disciplines; and, the actual processes of choice by different managers.
Detailed attention to these questions is justifi ed for two main reasons. First, the better understanding of the dynamics of interfunctional behaviour may well provide a framework for analysing failures in coordination and performance for example in the technology / marketing interface in biotechnology fi rms, in providing ' seamless ' service to support market strategies, and in adapting to the reality of the ' lean ' supply chain. Secondly, that deeper understanding may also provide a source of better forms of interfunctional relationship management that are effective in balancing different types of integration mechanism to achieve different goals in the biotechnology industry.
